Case report {#sec1-2054270416629326}
===========

A 58-year-old man had a six-year history of hypertension and dyslipidemia controlled with lercanidipine and atorvastatin (10 mg/day, each). He had been diagnosed with paranoid schizophrenia at the age of 25 and was living in a hostel and treated with zuclopenthixol (200 mg intramuscular, every two weeks) and olanzapin (15 mg/day). Five years prior he was admitted with generalized convulsions due to severe hyponatremia and his recovery was complicated by rhabdomyolysis. There was no history of alcohol or drug abuse and no other admissions. His drug treatment had been unchanged for years.

He was now admitted when, following excessive water drinking, he became confused and agitated over a day, with no convulsions. The general/neurologic examination was non-contributory. Tests revealed serum sodium of 110 mEq/L (urinary sodium 10 mEq/L) with normal renal, adrenal and thyroid function (estimated glomerular filtration rate 105 ml/min, MDRD formula) and elevated creatine kinase of 748, then 8000 IU/L (normal \<200). Serum aspartate aminotransferase and lactate dehydrogenase were also increased and the patient\'s urine was noted to be dark brown and tested strongly positive for myoglobin. Serum osmolality was 236 mosm/Kg (normal 275--290 mosm/Kg) with urinary osmolality 72 mosm/Kg. Other laboratory tests including serum potassium, phosphate, calcium and liver enzymes were unremarkable. Head CT showed cerebral edema. Self-induced water intoxication with severe symptomatic hyponatremia and associated rhabdomyolysis were diagnosed. He was treated with hypertonic saline and serum sodium rose to 128 mEq/L (at 24 h), then 136 mEq/L (48 h). Serum creatine kinase rose to 26,760 at 24 h with neither symptoms nor acute kidney injury, decreasing gradually with forced alkaline diuresis. However, on the fourth hospital day, he developed burning pain, warmth and erythema in both lower legs, followed on the next day by severe pain, parasthesiae, non-pitting edema, muscle weakness and prominent bilateral drop foot with absent ankle muscle stretch reflexes. Anterotibial compartment syndrome was suspected. Compartment pressure was measured using standard technique^[@bibr1-2054270416629326]^ and found to be significantly increased: 38 mmHg (right leg) and 30 mmHg (left) (normal 0--8 mmHg). The patient was monitored, improving spontaneously with time and hydration, but dorsiflexion remained severely compromised. Electromyography before discharge showed distal bilateral peroneal neuropathy. Tibial nerve conduction was normal. Since bilateral drop foot persisted, the patient was discharged to a rehabilitation centre and started using bilateral corrective bracing. Regular electrolyte monitoring was started.

Discussion {#sec2-2054270416629326}
==========

Primary polydipsia occurs in up to 25% of patients with chronic psychiatric disorders (especially schizophrenia), related to the disease, its treatment, or both.^2^ Urine output fails to match intake \>10L per day and water intoxication and hyponatremia may develop. Rhabdomyolysis is a rare complication of hyponatremia.^3^ We report our patient's second episode of central nervous system symptoms due to severe hyponatremia, caused by primary (so called psychogenic) polydypsia. Although antipsychotics were the most common medical drug involved in rhabdomyolysis,^[@bibr4-2054270416629326]^ they were unlikely to be implicated here as they had been administered for years and the patient's previous episode had also been hyponatremia-associated. When rhabdomyolysis occurs, serum creatine kinase levels rise within hours more than five times the upper limit of normal, constituting the diagnostic hallmark of rhabdomyolysis and accompanied by other muscle enzymes (Serum aspartate aminotransferase, lactate dehydrogenase, aldolase) and the appearance of released myoglobin in the urine. Here, within 3 h of presentation and before the severely depleted serum sodium of 110 mEq/L changed, his serum creatine kinase levels steeply rose (748 to 8000 IU/L) and myoglobinuria was detected -- indicating that rhabdomyolysis was a manifestation of severe hyponatremia, not its correction.

Fortunately, it was not associated with acute kidney injury, reached its climax 24--48 h after admission (creatine kinase 26,750) and resolved. This is in line with the kinetics of serum creatine kinase which is the most sensitive laboratory marker of muscle injury and begins to rise within 2--12 h following the onset of muscle injury reaching its apogee within 24--72 h. Two days later, the patient developed the typical symptoms and signs of an acute anterotibial compartment syndrome, most notably, bilateral and persistent drop foot due to peroneal nerve damage.

This is a rare sequence of events. Rhabdomyolysis, first studied in crush injuries during the last world war, is increasingly associated with non-traumatic causes.^[@bibr4-2054270416629326]^ These include primarily generalised seizures, extreme physical exertion, infections (e.g. acute viral infections), primary metabolic or inflammatory muscle disease, alcohol abuse and adverse drug effects (e.g. statins). Rhabdomyolysis following electrolyte disorders other than hypokalemia or hypophosphatemia is very rare ([Table 1](#table1-2054270416629326){ref-type="table"}).^[@bibr4-2054270416629326]^ The first case associated with hyponatremia was reported in 1979 and approximately 40 patients had been reported since.^[@bibr5-2054270416629326]^ Hyponatremia-associated rhabdomyolysis is not limited to primary polydipsia and was also reported in hyponatremia induced by exercise, laxative abuse, drug abuse (3,4-methylenedioxy-methamphetamine: ecstasy) and endocrine disorders. Table 1.Electrolyte disorders mediating Rhabdomyolysis.[\*](#table-fn1-2054270416629326){ref-type="table-fn"}1. Hypokalemia2. Hypophosphatemia3. Hypocalcemia4. Hyponatremia5. Correction of hyponatremia^[†](#table-fn2-2054270416629326){ref-type="table-fn"}^6. Hypernatremia[^1][^2]

The mechanism is not fully understood. Possibly, decreased sodium entry into muscle cells is deleterious to the normal transmembrane sodium/calcium exchange, increasing intracellular calcium accumulation that leads to activation of cytotoxic enzymes.^[@bibr6-2054270416629326]^ Whatever the mechanism, hyponatremia-associated rhabdomyolysis in our patient was followed by acute anterotibial compartment syndrome.

Acute compartment syndrome was defined as 'a condition in which increased pressure of the intersitial fluid within a limited space compromises the circulation and affects tissue function within that space'.^[@bibr7-2054270416629326]^ The leg is a common site but anterotibial compartment syndrome can also occur in the forearm, foot, thigh and gluteal region. Anterotibial compartment syndrome has been mostly associated with traumatic injury (with or without bone fracture) but may uncommonly occur in medical, non-traumatic settings ([Table 2](#table2-2054270416629326){ref-type="table"}).^[@bibr8-2054270416629326]^ These presentations are often associated with delayed recognition and preventable patient harm.^[@bibr8-2054270416629326]^ Table 2.Causes of the acute anterotibial compartment syndrome.A. Traumatic (common) I. With bone fracture II. Without fracture[\*](#table-fn3-2054270416629326){ref-type="table-fn"} (e.g. crush/prolonged compression; vascular injury (mostly arterial): bleeding, ischemia; reperfusion; exercise)B. Non-traumatic (rare)[\*](#table-fn3-2054270416629326){ref-type="table-fn"} I. Infections (e.g. gas gangrene, fasciitis) II. Rhabdomyolysis III. Bleeding disorders/anticoagulation or thrombosis IV. Nephrotic syndrome, severe hypoalbuminemia V. Animal bites and venoms[^3]

Severe pain is the most sensitive clinical marker of anterotibial compartment syndrome. The hyponatremia-rhabdomyolysis-acute compartment syndrome sequence was reported in just two other patients to the best of our knowledge^[@bibr9-2054270416629326],[@bibr10-2054270416629326]^ (another who also had primary hypothyroidism and adrenal insufficiency) and is poorly recognized. Its rarity, possibly due to an occult anatomical susceptibility, does not detract from the importance of this association. Anterotibial compartment syndrome, confirmed here by the increased intracompartmental pressure readings and in another patient by MRI of the anterior compartment muscles, can be a limb-threatening emergency. Faulty or delayed diagnosis may require immediate surgical intervention (fasciotomy) aimed at decreasing pressure within the compartment and restoring blood flow.^[@bibr1-2054270416629326]^

Conclusions {#sec3-2054270416629326}
===========

Our report highlights potential complications of severe hyponatremia which are not well recognized, as well as the fact that 'rare times rare' situations are encountered in clinical medicine. On recovery from hyponatremia, any significant leg pain should trigger the consideration of anterotibial compartment syndrome as well as urgent evaluation and treatment.
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[^1]: Full references can be obtained from the authors upon request.

[^2]: Rarer than hyponatremia itself at a ratio of about 1:10.
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